We have estimated the effect of omitting antagonism of neuromuscular block on postoperative nausea and vomiting. A systematic search (MEDLINE, EMBASE, Biological Abstracts, Cochrane library, reference lists and hand searching; no language restriction, up to March 1998) was performed for relevant randomized controlled trials. In eight studies (1134 patients), antagonism with neostigmine or edrophonium was compared with spontaneous recovery after general anaesthesia with pancuronium, vecuronium, mivacurium or tubocurarine. On combining neostigmine data, there was no evidence of an antiemetic effect when it was omitted. However, the highest incidence of emesis with neostigmine 1.5 mg was lower than the lowest incidence of emesis with 2.5 mg. Numbers-needed-to-treat to prevent emesis by omitting neostigmine compared with using it were consistently negative with 1.5 mg, and consistently positive (3-6) with 2.5 mg. There was a lack of evidence for edrophonium. In two studies, three patients with spontaneous recovery after mivacurium or vecuronium needed rescue anticholinesterase drugs because of clinically relevant muscle weakness (number-needed-to-harm, 30). Omitting neostigmine may have a clinically relevant antiemetic effect when high doses are used. Omitting antagonism, however, introduces a non-negligent risk of residual paralysis even with short-acting neuromuscular blocking agents.
It has been suggested that antagonism of residual neuromuscular block with a mixture of neostigmine and atropine at the end of surgery increases the risk of postoperative nausea and vomiting (PONV). 1 As a consequence, omitting antagonism of neuromuscular block would decrease the incidence of PONV. However, results from randomized controlled trials (RCT) are contradictory. In one trial, omitting neostigmine at the end of surgery had a statistically significant beneficial effect on PONV. 2 In another, neostigmine did not influence the risk of PONV. 3 Authors of yet another study suggested that neostigmine may actually have antiemetic properties. 4 The aim of this quantitative systematic review was to test the evidence that antagonism of neuromuscular block at the end of surgery influences the incidence of PONV, and to evaluate the likelihood of harm when antagonism was omitted.
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Methods
Inclusion criteria
We included published full reports of RCT which investigated the effect of spontaneous recovery of neuromuscular block (i.e. antagonism was omitted, experimental group) compared with the same anaesthetic but with active antagonism of neuromuscular block with anticholinesterase drugs (control group). Spontaneous recovery of neuromuscular block was assumed when patients received a placebo or no treatment. Relevant trials had to report dichotomous data (presence or absence of an event) on PONV or adverse events.
Systematic search and validity score
We searched systematically for relevant reports in MEDLINE (from 1966), Biological Abstracts (from 1966), EMBASE (from 1980) and Cochrane Library (1998, issue I) (date of last electronic search March 20, 1998) . The searches were with combinations of the free text terms 'nausea, vomiting, emesis, neostigmine, prostigmine, edrophonium, antagonism and neuromuscular block'. Reference lists of retrieved reports and review articles were checked. Locally available anaesthesia journals were hand-searched. The search was not restricted to the English language. Abstracts were not considered. Authors were contacted by letter when there was ambiguity about data. Each retrieved report was read by both authors independently to assess adequacy of randomization and blinding, and description of withdrawals using the validated three-item, 5-point Oxford score. 5 Reports which were described as 'randomized' were given 1 point, and another point if the method of randomization was described and adequate (such as a table of random numbers). Randomization was assumed when stated as such in the report. One point was given when the study was described as 'double-blind'. When the method of double-blinding was described and adequate (identical ampoules, for instance), another point was given. Finally, reports which described the number and reasons for withdrawals were given 1 point. Thus the maximum score of an included randomized controlled trial was 5 and the minimum score was 1. We compared the allocated scores and resolved differences by discussion.
Data extraction
We obtained information on patients, anaesthetic, type and dose of anticholinesterase drugs, controls, surgery, study end-points and intervention-related adverse effects from each included report. Only dichotomous data on efficacy and harm were extracted. Relevant efficacy data were prevention of early emetic events (cumulative incidence nearest to 6 h after surgery) and prevention of late emetic events (cumulative incidence nearest to 48 h). A maximum of three different emetic events were extracted from each trial, for both early and late: nausea, vomiting (including retching) and any emetic event (nausea, vomiting, or nausea and vomiting). Events were treated separately.
Dichotomous data on clinically diagnosed adverse events related to omitting antagonism were extracted as described in the original reports. Clinically overt muscle weakness was such an end-point. Data on neuromuscular monitoring (train-of-four ratio, for instance) were not considered.
Quantitative analysis (meta-analysis)
For individual and combined trials, the relative antiemetic benefit of omitting antagonism was calculated as relative risk with 95% confidence intervals (CI). 6 A random effects model 7 was used to combine data. The random effects model incorporates both within-and between-study variance, and yields a more conservative estimate of treatment effect when there is variability in results. A statistically significant difference between intervention (omitting antagonism) and control (giving an anticholinesterase drug) was assumed 380 when the 95% confidence interval of the relative risk did not include 1.
Numbers-needed-to-treat were calculated. 8 We decided to calculate 95% CI around the number-needed-to-treat point estimate 9 only when the relative risk indicated a statistically significant difference between intervention and control (because then the confidence interval around the number-needed-to-treat would not include infinity). A positive number-needed-to-treat indicated how many patients had to be exposed to the intervention (i.e. omitting antagonism) in order to prevent one particular emetic event in one patient, who would have had this event had they received an anticholinesterase drug. Thus a positive number-neededto-treat indicated that omitting anticholinesterase drugs had an antiemetic effect and, therefore, antagonism was emetogenic. According to pre-set criteria, a number-neededto-treat between 1 and 5 was considered as a clinically relevant improvement. 10 A negative number-needed-to-treat indicated less risk of PONV with pharmacological antagonism compared with spontaneous recovery, suggesting that anticholinesterase drugs had an antiemetic effect.
For estimation of the additional risk of interventionrelated adverse effects, we calculated relative risk with 95% CI and the number-needed-to-harm, as for number-neededto-treat. 11 If any cell of a sample was zero, then 0.5 was added to all cells of that sample to calculate the relative risk. Calculations were performed using Excel 5.0 on a Power Macintosh G3.
Results
Retrieved reports
Eleven reports were found. Three were subsequently excluded; two had neither a placebo nor a no-treatment group. [13] [14] The third trial did not report any data on PONV or intervention-related harm, 15 and the original authors were not able to respond to our enquiry to provide relevant data.
Analysed reports
Eight trials with data on 1134 patients were analysed (Table 1) . 2-4 12 16-19 One trial with a pseudo-randomization (alternans allocation) 16 was included in the analysis. The median quality score of the RCT was 3 (range 1-4). Mean study size was 142 patients (range 38-464).
Different doses of edrophonium or neostigmine combined with different doses of atropine or glycopyrrolate were compared with placebo or no treatment in children and adults. Neuromuscular blocking agents were pancuronium, tubocurarine, vecuronium and mivacurium. Seven trials reported valid PONV data. 2-4 16-19 Observation periods were during patient stay in the post-anaesthetic care unit (PACU) and up to a maximum of 27 h after surgery. One trial did not report PONV data but reported muscle weakness in patients who did not receive anticholinesterase drugs. 12 This trial was included in the analysis of interventionrelated harm. 
Antiemetic efficacy of omitting antagonism of neuromuscular block
Neostigmine-efficacy data Neostigmine 60 or 70 µg kg -1 , and 1.5, 2.0 or 2.5 mg was used in seven trials. When emetic outcomes were combined (i.e. nausea or vomiting separately, both early and late) across all trials and all neostigmine doses, there was neither a statistically significant nor a clinically relevant effect of omitting neostigmine on PONV (Table 2) . For all outcomes, 95% CI of the relative risk included 1, and numbers-neededto-treat were negative or greater than 10.
Absolute risk of PONV with placebo or no treatment, and with neostigmine
Five trials compared three different fixed doses of neostigmine (i.e. 1.5, 2.0 and 2.5 mg) with placebo or no treatment. 2-4 16 17 In patients receiving placebo or no treatment, and thus exposed to spontaneous recovery, the absolute risk (incidence) of early nausea and vomiting was 10-40%, and of late nausea and vomiting, 10-70% (Fig.  1) . Corresponding values in patients receiving neostigmine 1.5 mg (one trial), 2.0 mg (two trials) or 2.5 mg (two trials) suggested an increased risk of PONV with increasing dose of neostigmine. For both early and late outcomes, the highest incidence of PONV with the lowest dose tested (1.5 mg) did not overlap with the lowest incidence of PONV with the highest dose of neostigmine tested (2.5 mg) (Fig. 1) .
Number-needed-to-treat to prevent PONV by omitting neostigmine
In one trial, the lowest dose of neostigmine (1.5 mg) was compared with no treatment in 79 patients. 4 For all outcomes (i.e. nausea and vomiting, both early and late) numbersneeded-to-treat were negative (Fig. 2) , suggesting an antiemetic effect with neostigmine. Two of four results were statistically significant. Two trials compared the medium dose of neostigmine (2.0 mg) with placebo or no treatment in 624 patients (Fig.  2) . 3 16 Results were inconsistent. The numbers-needed-totreat to prevent PONV by omitting neostigmine 2.0 mg ranged from approximately 15 (suggesting an emetogenic effect when using neostigmine, albeit clinically not relevant) to negative values (suggesting an antiemetic effect when using neostigmine). Two of five results were statistically significant.
In two trials, the highest dose of neostigmine tested (2.5 mg) was compared with no treatment in 98 patients (Fig. 2) . 2 17 For all outcomes the numbers-needed-to-treat were positive (3-6), suggesting a clinically relevant emetogenic effect of neostigmine, that is an antiemetic effect when neostigmine at this dose was omitted. Three of four results were statistically significant.
Two trials compared body weight-adjusted doses of neostigmine in 233 children. 1 8 In one trial, the incidence of vomiting in children receiving neostigmine 60 µg kg -1 was lower compared with children not receiving it. 18 Accordingly, the number-needed-to-treat to prevent vomiting was negative but the result was not statistically significant (relative risk 0.83 (0.60-1.16)). In the other trial, a larger dose of neostigmine (70 µg kg -1 ) was compared with placebo. 19 The numbers-needed-to-treat when antagonism was omitted were 4.3 (2.4-19), relative risk 1.36 (1.05-1.75) for early outcomes, and 8.3, relative risk 1.27 (0.81-1.99) for late outcomes. These data suggested a clinically relevant emetogenic effect with the higher dose of neostigmine in the immediate postoperative period but not thereafter.
Edrophonium-efficacy data
One trial investigated the effect of omitting edrophonium 1 mg kg -1 on PONV in 38 children and reported PONV data. 19 Omitting edrophonium had no beneficial effect on early emesis (relative risk 1.09 (0.91-1.32), number-neededto-treat 13), or on late emesis (relative risk 1.27 (0.81-1.99), number-needed-to-treat 8).
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Harm related to omitting antagonism of neuromuscular block
Two trials reported clinically relevant muscle weakness in the immediate postoperative period in three of 90 patients who had received placebo 4 12 but in none of 90 patients who had received edrophonium or neostigmine (Table 3 ). All three patients needed rescue anticholinesterase drugs to restore ventilation and muscle power. In one of these trials, surgical paralysis was achieved with a single dose of vecuronium 0.1 mg kg -1 at induction. 4 In the other trial, mivacurium 0.2 mg kg -1 was used to facilitate intubation and a mivacurium infusion during surgery was set to achieve a train-of-four response of 1-2 twitches. 12 The other trials did not report presence or absence of such adverse events.
Based on data from these two trials, the number-neededto-harm point estimate to produce one patient with clinically relevant muscle weakness by omitting neostigmine or edrophonium compared with giving these drugs was 30 (Table 3) .
Discussion
In theory, different mechanisms could be responsible for an increased risk of PONV with the use of anticholinesterase drugs. For instance, a combination of atropine and neostigmine was shown to decrease lower oesophageal sphincter pressure in men. 20 Also, anticholinesterase drugs have antimuscarinic effects on the gastrointestinal tract which increase motility and stimulate secretion of gastric fluid and acid. Because these effects are partly prevented by anticholinergic drugs, such as atropine, it was suggested that omitting antagonism of neuromuscular block decreases the risk of PONV because anticholinergic drugs are given concomitantly with antagonism. 21 Finally, in healthy volunteers, intrathecal neostigmine caused severe nausea and vomiting in a dose-dependent manner. 22 These authors suggested that the most likely site of this adverse effect was in the brainstem. A similar, dose-dependent emetogenic effect with intrathecal neostigmine was found in women undergoing Caesarean section. 23 The relevance of this, when anticholinesterase drugs are administered systemically, is not known.
Our aim was to test the evidence that antagonism of neuromuscular block at the end of surgery influences the incidence of PONV, and to evaluate the likelihood of harm when antagonism was omitted. However, only a limited number of patients have been tested in these systematically searched trials. Therefore, caution must be exercised in interpreting the results. For instance, it may not be justifiable to attempt dose-response relationships with such a small number of patients.
There is widespread belief that anticholinergic drugs (atropine, glycopyrrolate), which are regularly administered together with anticholinesterase drugs, decrease the risk of PONV. However, there is no substantial evidence to support this view. In RCT, no difference in the incidence of PONV has been shown with atropine or glycopyrrolate compared [4, 12] with placebo. 24 25 Therefore, whatever limitations caused by the small numbers in these systematically searched controlled trials, we have to assume that any observed effect is most likely due to the absence or presence of anticholinesterase drugs.
There was some evidence that in adults, antagonism of postoperative neuromuscular block with the highest dose of neostigmine (2.5 mg) may increase the risk of PONV. In two RCT 2 17 with almost 100 patients, omitting this high dose of neostigmine at the end of surgery had a consistent, statistically significant antiemetic effect. The combined data suggest that 1 in 3-6 patients exposed to spontaneous recovery of neuromuscular block will not suffer PONV symptoms who would have done so had they received neostigmine 2.5 mg, a degree of benefit which may be regarded as clinically relevant. Lower doses of neostigmine either gave inconsistent results (2.0 mg) or even suggested an antiemetic effect (1.5 mg). In addition, the lowest reported incidence of PONV with the highest dose of neostigmine tested in these trials (2.5 mg) did not overlap with the highest incidence of PONV with the lowest dose of neostigmine (1.5 mg). The synthesis of these, although spare, data may be regarded as evidence of dose-responsiveness. This could explain the confusion about antagonism of neuromuscular block and PONV.
Clinical implications
Benefit vs harm These efficacy data need to be put into a clinical context. For instance, the benefit of a particular intervention has to be balanced against its potential for harm. Thus the antiemetic benefit when omitting pharmacological antagonism of neuromuscular block has to be weighed against the risk of residual muscle paralysis because antagonism was omitted.
PONV is distressing and interferes with patient comfort, but it never becomes chronic and is almost never lifethreatening. Here, the limiting factor in decision making is likely to be the additional risk caused by muscle paralysis when antagonism is omitted. The main questions are: What is the incidence of residual paralysis?
What is the incidence of residual paralysis?
Residual muscle weakness can be diagnosed with neuromuscular monitoring (train-of-four ratio, for instance) or clinically. The train-of-four ratio has been regarded as a surrogate end-point. 26 We did not analyse data on neuromuscular 384 monitoring but extracted data on clinically overt muscle paralysis.
There is evidence that one in 30 patients undergoing surgery with neuromuscular block but not receiving an anticholinergic drug at the end of surgery will show clinically relevant muscle weakness in the immediate postoperative period because of prolonged neuromuscular block (Table 3 ). There are two problems with this result. First, two trials reported residual muscle paralysis, and six did not. We do not know if residual paralysis occurred in these other trials but was not reported. Second, the result lacks statistical significance (i.e. 95% CI around the relative risk point estimate includes 1). However, residual paralysis was described only in patients who did not receive anticholinesterase drugs. Also, the result was based on data from systematically searched RCT, thus providing the strongest evidence currently available. The additional risk of residual muscle paralysis when antagonism of neuromuscular block is omitted is of the same magnitude as the additional risk of intraoperative awareness when nitrous oxide is omitted from general anaesthesia. 27 In one of the two relevant studies, neuromuscular block was achieved with a continuous infusion of mivacurium, a neuromuscular blocking agent with a fast recovery profile, and neuromuscular monitoring was used during operation. 12 In the second report, a single bolus dose of vecuronium, an intermediate acting neuromuscular blocking agent, was used at induction. 4 We have to assume that with the use of long-acting neuromuscular blocking agents (pancuronium, for instance), or with repeated doses of intermediateacting neuromuscular blocking agents, or in the absence of adequate neuromuscular monitoring, the additional risk of residual paralysis when antagonism is omitted will be even higher.
What is the clinical relevance of residual paralysis?
Muscle weakness may lead to hypoventilation with subsequent hypercapnia and hypoxia. Residual paralysis may attenuate the ventilatory response to hypoxia, impairing adequate function of the carotid body. 28 Residual paralysis impairs coughing, increasing the likelihood of atelectasis. In addition, compromised laryngeal and pharyngeal function could lead to upper airway obstruction or aspiration. 29 Because residual paralysis reduces the safety margin, spontaneously breathing patients are more vulnerable to specific drug interactions in the immediate postoperative period. 30 Hypoxia, hypercapnia and pulmonary complications, including atelectasis and aspiration, are major health care problems and they may, theoretically, lead to death. The risk of death caused by pulmonary aspiration in the perioperative period was estimated to be very low. 31 However, in a large RCT comparing different neuromuscular blocking agents in surgical patients using neuromuscular monitoring but not regular antagonism, almost 7% of patients developed postoperative pulmonary complications caused by residual muscle paralysis. 32 Thus, unlike PONV, residual muscle paralysis in the postoperative period is not a minor adverse event and should be regarded as potentially very harmful.
The findings of this systematic review have implications for future research. First, no conclusions can be drawn on edrophonium. Second, there was some evidence of dose responsiveness with neostigmine. However, this may be regarded as hypothesis generating only, because the data were sparse. Thus we need large randomized trials testing the evidence that neostigmine has an impact on PONV, and that this effect is dose-dependent. Weight-adjusted doses of neostigmine should be tested to minimize variability. Finally, until the effect of anticholinesterase drugs on PONV can be based on strong evidence, these drugs should be adequately controlled and reported in RCT which investigate efficacy of antiemetic interventions. There is a possibility that anticholinesterase drugs may confound the results of antiemetic trials. 
